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A Proposed Apprcach to the "Chelate Effect®

by Arthur W. Adamson
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A number of investigators have made experimentc® _i. lhsoretical
contritutions with respsct to the entropy change accompenying the forms%icn

in aqueous solution of compiex ions and of ion-pairs. ?y!o‘wil able to

! W, S. Pyfe, J. Chem. Soc., 2018, 2023 (1952)

account for the average value of three or four entropy units per ammonia
acded in the formation of metal amine complexes by employing entropy values
for "bound™ amuonie and water, These last recresented spproximate averages
of the spread of values for the entropy of ammonia and of water in soll

ammoniate and hydratee., Latimer and Jolly2 enployed a similar approach

2 W. F. Latimer and W. J. Jolly, THIS JOURNAL, 75, 1548 (1953)

in treating the fluoride conplexes of Al(III), although in 8o doing were
led to the conclusion that the differencs in charge and radius tetween
Al(}lzo)‘,,’3 and A1F6-3 did not contritute importantly to the entropy change.

Evans and NancollsaB, as well as Fyfe', made use of cycles referring the

3 M. G. Evans and G. H. Nancollas, Trans. Far. Soc., 49, 363 {1953)

process from the aqueous to the gas phase, tut as the former observed,

estimation of the AS° (gas) must include important rotational entropy changes

as well as the translational entropy change given by the Sackur equation.



2

Entropy values for "bound”™ iigands sre qualiiative since it is uncertain
whether tne duta for solid hydrates, ammoniates, stc., are lways germene,
and if #3, whether a simple average iz arpropriats, Ths alternative procedure
of conwtructing the entrop, change for the gaseous species from translaticnal,
rolational, ate,, contributions may eventually be the most fruitful approach
in sstimating abeolute AS% walues,

The suggestion is wmade here, however, that fur the purpose of present
correlaticns entropies of complex ion formation to some extent can be ac~-
counted foi by rscognizing that for & process of the type

M(H20), + PX © M{H0) + p H0 (1)

n-p XP
the usual choice of stundard states is asymmetric. The hypothetical ane
molal stete i3 employed for sclut.es while for thie solvent the pure sub-
stance is chosen. In comparing &« series nf precscucs of type (1), of
varying n and p valuss, not only sre the magnitud. 5 ~7 277 and 4F7 dependent
upon the choice of stindardy states, but 2l:u ineir relative values or po-
sitions in & sequence., If ithe efflect .7 .cendard staieé c¢hoice - rejaraed
as primarily one of varying the translatiocnsi enuenr, cunuribeticns, 2
trief can ve made for the use of the hypcthetical mole fraction unity state

for the gclutes. Such a state is one of minimum translational entrocpy for

a solute retaining the properties it possesses in dilute solution. The

uSYt « 4S8° - 7.9an

A¥O' » AFO + 2360An (at 25°C)
the primed quantities are based on the hypotheticsl mole fraction unity
state, and An denctes the moles of producis minus those of rsactante, ax-
clusive of solvent.
Applying the atove to the process studied by Latimer and Jolly®

AL(Hg0)g"? ¢ 6F = AIF ™3 + 6 B,0 8S® = 91, aS0' = 138 E. U.
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Fmploying their expirical equstion for the charge-radius contribution to
ionic entropiss, the atove 45°' value is accounted for by teking the crystal
radii of 0.50 and 1.36 A° for aluminum and fluoride ions, and the reasonable
value of 0.70 A® for AlF6-3.

The present propossl is of especial value in comparing groups of re-
actions for which An differs but for which charge effects, etc. are a minimum.
Thus the nverage 4S® for the formatinn in agueous solution of Cu(HH3)~¢2
and Zn(N4:)4*2 1g - 15 £ 1.2 £. U., while for Ni{NHj)s" > and Co(NH;)s 2,

0.3 E. U.' The corresponding 4S%' valuee are '7 and 21, and
it 18 ssen thal a large measure of the difference in entropy of formation
haz veen accounted for.

The "chelats" effect arices from - 21i1) saimpler situaticn. The
observaticn i{e that, for example, etheylenediamine complezes tend to Le more
glable Lhan the cocrvesponding amine cnes, and tuat in gsunerzl the higher the
dsatelz character of the ligand, the more stable the complex., Thiz has Leen

statzd, in a general way, to be 3in entropy effﬂ_eh’s while Schuartzenbach6

4 A, E. Martell and M. Calvin, "The Chemistr of ihe Metal Chelste Conpounds®,
Prentice Hall Ine., N. Y., 1952, p. L1487,

5 C. G. Spike and R, W. Parry, THIS JOURNAL, 75, 2726, 370 (1953)
€ G. Schwartgenbach, Helv. Chim. Acta, 35, 234 (1952)
has, in addition, presented a detuiled kinetic treztment supposing 2 two

stege addition of a bidentste ligand wiih the rate of addition of the second
functional group propcrtionel to it effective concentration az estimated
from its free voiume. This leads Lo a prediction of a chain length effect
roughly in sccord with the meazger existing data,

While specific structural aspects are undoubtedly relevent, it is sug-
gested here thit the usual "chelate" effect is largely a consequence of the

arbitrary asymmetry in the usual choice of standard states. If this is true



L
cae would expect a50' values to Le small for processes of the type
MY+ p/2Y = MY, ¢ B (2)
where Y denotes a bidentate proup. It is seen from Table I that such
8S%' values (and, where rot availatle, 4F°' valueo) tend to be symmetrical
around zero, i.e, that & large measure of the apparent extra stabllity of

the chelate complexes disgppears with the new choice of standard states,

As has been pointed out by J. Bjerrua’, and by Schwartzenbach6, &

7 J. Bjerrum, "Metal Ammine Formsaticn in Acuecus Solution", P. Haase and
Son, Copenhzgen, 1G4,

priori or statistical factors enter also into the entropy change feor processes

1} or {2). For a fully coordincted corplex, i.e. of the type ¥i , the

"N

statistical factor is unity, however, while for corplexes such as sz(Hgo)n_z,
an assunmction is recuired ag to the e-uivelence of tre verious possitle

isomers. Thias has nct t=en attemrted iiere.



Table I

Inafluence of Choice of Standard State on the "Chelate' Effect‘

AFo aro:
)4 B (Kecal) (Kcal) as° as®!

H(NH,)p ¢ p/2 en = M(em)p/‘2 + pNH,

Coy2 2 -2.2 -0.9
Ni’z "3.7 -1."
Cu ~4.3 -2.0, 5.7 -2.2
.2 -303 -1.0
zn’z -196 007 567 "2.2
Cd "103 loo ‘bgl& -3.50
WA 11 P 3.2
Av, -207 -Ooa 501 "2.8
Gols L -7.7 -3.0
NiLs -8.6 -39
Cu -10.4, -5.7, 9.1 5.3
2 "607 -200
zn.’z -203 2." 13010 "-05'0
Cd -I‘oo 007 uoe 'A’..Oc
-Z!6 .OOE 12.2 Qoi
AV. - o“ -107 15. .!“)‘;l
Co 3 s -12.7 -5.6
Cota -18.3 -11.2
Ni "’1302 -601 21&00 003
d
II. H(NH_—,)p + p/3 den = H(den)p/3 + p NHy
co'? 3 -5.3 -0.5
Ni‘z -5.8 -1.0
Cu’z -8.2 -3.‘#
7.2 -3.1 1.7
4 =3.5 1.3
AV. -502 -Ool&

II1. H(NH,)p ¢ p/i trien = M(trien)p/“ +p NH3°

+2

Cots 4 -8.2 -1.1
m¢2 -9’1 -2.0
Cuy5 -11.6 -4.5
zn -‘06 2.5
“’2 e loB

Av, ~T. 0.7

a. Values from rsfs. 4, 5, and 7, for ca. 25°C,

b. Propylens dianine instead of en. Department of Chemist

c. NH:CH; instead of Nij. Univeraizt.y of Sc\.“:’.lergy

4. . ¢isthylenetrianine California
Friathylenstetromine PP Log Angeles 7, Califarnia
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